From the Department of Anaesthesia, Alberta Children's Hospital at the University of Calgary, Calgary, Alberta.
Contamination of the operating theatre with trace concentrations of waste anaesthetic gases is an inevitable consequence of the use of inhalational anaesthetic agents. The health risk to operating theatre personnel resulting from chronic exposure to trace concentrations of these agents has been the subject of numerous studies during the last 20 yr. Among the agents studied, the toxic effects of nitrous oxide have been the focus of much attention.
Horace Wells first demonstrated the anaesthetic properties of nitrous oxide in 1844, but it was not until 1956 that the first adverse side effects from its use were reported. In that year, Lassen described bone marrow surpression in patients sedated with nitrous oxide for long-term ventilation) Since then, possible adverse effects on bone marrow, psychomotor function, and reproductive function have been described. [2] [3] [4] [5] [6] [7] [8] This has led to concerns regarding possible ill effects from the chronic occupational exposure CAN J ANAESTH 1992 / 39:7 / pp 682-6 of operating room personnel and dentists to trace levels of nitrous oxide.
Infrared photography has provided graphic pictures of "clouds" of nitrous oxide, in concentrations in excess of 1000 ppm, exhaled by an anaesthetised patient, to which nearby personnel are exposed. 9 Scavenging of anaesthetic gases reduces these concentrations.l~ Even in'the presence of scavenging, levels of nitrous oxide have been shown to be higher during anaesthesia for children than for adults.12 The potential efficiency of scavenging of waste gases during paediatric anaesthesia is reduced by the regular use of inhalationai induction, the assurance of a leak around uncuffed endotracheal tubes, and the use of breathing circuits which require high fresh gas flows.
The recommendations of the National Institute for Occupational Safety and Health (NIOSH) in the United States define a maximum permissable exposure to nitrous oxide of 25 ppm. 13 A pilot study at the Alberta Children's Hospital substantiated previous observations I 1,12 indicating that a level of 25 ppm is frequently exceeded.
Because of disparities between NIOSH recommendations and measured levels, this evaluation of exposure to nitrous oxide by operating room staff was undertaken. The principal objectives were: (1) to quantify the exposure of operating room personnel to nitrous oxide during an operating day, utilising currently accepted techniques of paediatric anaesthesia and (2) to determine whether the induction technique used affects the total nitrous oxide exposure of those personnel.
Methods
Approval for the conduct of this study was granted by the Institutional Research Committee. Consent for the participation of staff was not required, but all OR staff were informed of the study. All measurements were made at the Alberta Children's Hospital during 12 routine otolaryngeal surgical lists.
Passive atmospheric samplers (Nitrox Nitrous Oxide Dosimeter, R.S. Landauer, Jr. and Co., 2 Science Rd Glenwood, Illinois) were used to measure the exposure of OR personnel to nitrous oxide. Dosimeters were attatched to the collars of the anaesthetist, the surgeon and the scrub nurse. A fourth dosimeter was placed at the room air exhaust outlet directly behind the anaesthetic machine. The dosimeters were continuously exposed for the whole of the operating day.
The study operating room had a floor area of 36 m 2. Room ventilation was provided by a non-recirculating system through four ceiling ducts which delivered a flow rate equivalent to 12 room air changes per hour. Room air was vented via eight equally spaced wail vents located 18 inches from the floor. Direct passive scavenging of the Bain circuit was employed in all cases.
Two anaesthetists participated in the study. Each completed three days during which anaesthesia was induced with nitrous oxide, oxygen and halothane (Group 1) and three days during which induction was with intravenous thiopentone (Group 2). If there was difficulty establishing venous access in Group 2 patients (i.e., cannulation was unsuccessful after two attempts), anaesthesia was induced using oxygen and halothane. Once an adequate airway had been established, using either an endotracheal tube or a mask, anaesthesia was maintained in all patients with 66% nitrous oxide in oxygen and halothane delivered via a Bain coaxial modification of the Mapleson D circuit. The fresh gas flow was calculated from the patient's weight according to the recommendations of Steward. 14 The patient's age and weight, the use of a mask or an endotracheal tube, the fresh gas flow rates and the duration of surgery were recorded for every case. Group comparisons were made for each of these factors.
Nitrous oxide exposure was expressed as a time weighted average (TWA) for each exposure. This denotes the average exposure in parts per million of nitrous oxide per hour.
The data were analysed using the SPSS.PC+ statistical package. Demographic data from the patients in the two groups were compared using the unpaired t test. The nature of the surgery and characteristics of the anaesthetic technique were analysed for the groups and the fresh gas flows compared using the Mann Whimey U test. Nitrous oxide exposures recorded at each dosimeter site during each operating day were analysed. Comparisons were made between the two techniques of induction of anaesthesia and between the days on which the two anaesthetists participating in the study were working. All values are expressed as mean 9 standard error of the mean (SEM), and range. Differences are considered significant for P values of less than 0.05.
Results
Readings from six of the 48 dosimeters (two surgeons, one nurse and three exhaust outlets) were below the lower limit of detection. These results were inconsistent with the other values obtained and they were excluded from the analysis. In all, 42 dosimeter readings were considered.
There were 66 inductions in Group 1 (nitrous oxide, oxygen, halothane induction of anaesthesia) and 65 inductions in Group 2 (intravenous induction using thiopentone). There were no differences between the two groups with regard to the age or weight of the patients, the incidence of tracheal intubation or the fresh gas flows used. The mean duration of surgery and the mean exposure times of the dosimeters were longer in the inhaiational induction group than the intravenous induction group. However, as nitrous oxide exposure is quoted in ppm' hr -l, this should not influence the comparison of the two induction methods (Table I ). All patients underwent minor otolaryngeal procedures. The distribution of categories of these procedures was similar in each group (Table II) . Table III shows the nitrous oxide exposures recorded by each dosimeter, expressed as a time weighted average (TWA). The TWA of the anaesthetist was greater than that of the circulating nurse or the surgeon for each method of induction. Mean values at each dosimeter site were higher on the days when an inhalational induction was used than on the intravenous induction days. This difference was significant for the dosimeters worn by the anaesthetist (532 ppm. hr -l cf 219 ppm" hr -l P < 0.05), and by the circulating nurse (300 ppm. hr -j, cf 72 ppm. hr -I P < 0.01). For the dosimeters worn by the surgeon (204 ppm-hr -t cf 188 ppm. hr -l P = NS), and sited at the ventilation outlet (87 ppm. hr -1 cf 47 ppm. hr -I P = NS), these differences were not statistically significant. Table IV shows the total nitrous oxide exposures of the dosimeters recorded on the days when each of the two participating anaesthetists were administering the anaesthetic. Mean exposures were higher during one of the anaesthetist's working days although the difference was not statistically significant (262 ppm. hr -I cf 156 ppm. hr -l P = NS).
Discussion
The NIOSH recommendation of maximum nitrous oxide levels of 25 ppm. hr -1 was established in 1977 based on a review of the evidence concerning the effects of exposure to trace levels of nitrous oxide. 13 The measured nitrous oxide exposures of the anaesthetist, the nurse and the surgeon in our study exceeded the NIOSH recommendation regardless of the induction technique used. This implies that despite standard room ventilation and scavenging, the NIOSH recommendation is unattainable using currently accepted methods of paediatric anaesthesia.
A wide range of nitrous oxide exposures was recorded at each dosimeter site and for each method of induction of anaesthesia. The highest mean levels of nitrous oxide exposure for each method of induction were recorded by the dosimeters worn by the anaesthetist (532 and 219 ppm. hr-l). These values are higher than those suggested by earlier studies. Nitrous oxide concentrations in the anaesthetist's breathing zone of 39 _ 30 ppm have been recorded, during paediatric anaesthesia, with good operating room ventilation and close scavenging. 12 Nilsson et al. found that, under similar conditions, a nitrous oxide concentration of 25 ppm was exceeded for 25% of the anaesthetic time. II Inconsistencies between our results and those of previous studies may be explained by the methods used for the measurement of nitrous oxide levels. Previous work used infrared spectrophotometry or gas chromatography to analyse the nitrous oxide concentration in bag samples taken from the breathing zone of the anaesthetist.ll'12 The Nitrox atmospheric samplers used in our study have been shown to give better correlation than bag sampling with direct infra-red analysis (___30.5% cf ___ 40%)) 5 They are unobtrusive and allowed the usual work pattern to proceed without disruption. This may lead to a more accurate reflection of true nitrous oxide exposures than does the analysis of bag samples.
The use of an intravenous technique for the induction of anaesthesia reduced the nitrous oxide exposures of the anaesthetist and the circulating nurse. The exposure of the surgeon was also reduced by the use of an intravenous induction, but the difference was not statistically significant.
There is evidence for damaging effects of nitrous oxide on the bone marrow and on neurological and psychomotor function. Nitrous oxide oxidizes vitamin B12 and thus decreases DNA production by the inactivation of methionine synthetase. 16 The effects of this are dosedependent megaloblastic changes seen in the bone marrow which have been demonstrated in patients exposed to 50% nitrous oxide for periods as short as five hours during cardiac bypass surgery. 3 Similar bone marrow changes have been reported in dentists who experienced chronic occupational exposure to nitrous oxide in sub-anaesthetic concentrations of 1800 ppm. 4 Long-term exposure to nitrous oxide has also been described as influencing neurological or psychomotor function. A neuropathy characterised by paraesthesia and ataxia has been recognised in habitual abusers of nitrous oxide 5'6 and in two subjects chronically exposed to nitrous oxide in dental surgeries. 7 Unfortunately the evidence regarding the effect of trace concentrations of nitrous oxide on psychomotor function is contradictory. One study identified exposure to nitrous oxide in a concentration of 500 ppm as adversely affecting recall of a series of numbers. 8 Subsequent studies have failed to confirm these results. 17'Is
The extent of adverse effects attributable to chronic occupational exposure to nitrous oxide is not yet fully defined, but it is clear from these studies that it is possible to reduce exposure to waste nitrous oxide and other anaesthetic gases and vapours through alteration of anaesthetic induction technique. Recent improvements in anaesthetic equipment and the development of new drugs may facilitate anaesthetic techniques aimed at reducing operating room concentrations of waste anaesthetic gases. The use of a Brain Laryngeal Mask Airway (Intavent, Colgate Medicals Ltd., Windsor, UK) has been shown to reduce levels of nitrous oxide in the anaesthetist's breathing zone compared with tracheal intubation or a standard facemask. 19 The use of topical local anaesthetic creams permits painless venepuncture making intravenous induction more acceptable to children. Total intravenous anaesthesia will become a more realistic goal with the introduction into paediatric practice of propofol. It may therefore be possible to reduce the nitrous oxide exposure of operating room staff to levels below those measured in this study.
